Wrist arthroplasty with silicone implants was first popularized by Swanson in the 1960s, and the early results of this procedure were promising.
arthroplasty, known as "anatomical," represents an effort to prevent such complications via two features: carpal fixation (instead of metacarpal) and a new concept of kinematic through an intercarpal bone fusion, transforming the wrist into a "twobone" joint. 8, 9 Currently, there were three anatomical implants with these characteristics: Universal 2 (U2)/Freedom (Integra LifeSciences, Plainsboro, NJ), Re-Motion total wrist arthroplasty (TWA) (Small Bone Innovations Inc., Morrisville, PA), and Maestro Wrist Reconstructive System (Biomet, Warsaw, IN). The most common indication for a TWA is rheumatoid arthritis (RA) with progressive pain and loss of function. 10, 11 In RA, the involvement of the wrist has been described in several X-rays-based classifications: the Larsen et al's classification is the best known, 12 while the Flury et al's classification is an attempt to be more predictive for the treatment to consider the natural evolution of the disease. 13 Indications for wrist replacement have now been extended to all cases of pancarpal arthritis with total degenerative involvement of the carpus (radiocarpal [RC] and midcarpal [MC] ) in Simmen's classification Types I and II (stable forms), and in case of bilateral involvement of the wrist and multiple affected joints. Moreover, it is mandatory to have a good clinical control of the activity of the disease (synovitis) via adequate medical therapy. The purpose of this retrospective cohort study is to evaluate the outcomes of TWAs with U2 implants in patients affected by RA, focusing on the complications and the survival of the prostheses.
Materials and Methods
From March 2003 to January 2014, we performed 23 wrist replacements in 22 patients with a cementless implant (U2) and resection of the ulnar head. All patients were affected by pancarpal RA. The mean age was 54.9 years (range: 31-73 years). Twenty were women and 2 were men. Sixteen subjects underwent several surgical procedures as summarized in ►Table 1. All surgeries were performed by the two senior authors (C.M. and P.S.)
The U2 is a semiconstrained prosthesis providing a double fixation for a distal component (a short central porous-coating stem in the capitate and two self-tapping titanium variable angle screws). Specifically, the implant consists of a polyethylene (ultra-high-molecular-weight polyethylene, UHMWPE) insert and a cobalt-chromium radial component inclined at the level of the joint plateau of 14 degrees. Other features are the ellipsoidal contact surface to increase stability, a convex distal component, and a concave radial component which enhances stability of the implant.
In our series, indications for wrist replacement were pancarpal arthritis with degenerative inflammatory involvement of RC and MC joints; grade 2 or 3 of Larsen or Types I to II of Simmen's classification; bilateral involvement of the wrist; adequate control of the disease; and motivated patients. Contraindications were severe deformity related to irreparable wrist tendon extensors rupture, inadequate skin coverage, infections; progressive unbalanced RA despite a medical therapy. Osteopenia and poor bone stock were considered relative contraindications. Surgical procedure has been described in the manufacturer's technical guide and literature. 14, 15 In all cases, we performed a resection of the caput ulnae with Darrach procedure. Additional steps of the procedure in RA patients should: (1) prepare a "Z" retinacular flap based on the radial side from the VI compartment to run the balancing of the extensor carpi ulnaris (ECU) at the end of the procedure; (2) check for the correct rotational alignment of the radial stem; (3) align the carpal component in relation only to capitate and not considering the third metacarpus, often unaligned in rheumatoid patients (►Fig. 1); (4) carpal stem, radial, and ulnar screws have to be aligned in the center of respective bones and on the same level in the frontal plane; (5) perform a solid arthrodesis between carpal bones, using the removed proximal carpal rows as graft, to improve the local bone stock and a stronger integration of the carpal component; (6) test the stability of the trials implant with a shaking maneuver; (7) handling of soft tissue intraoperatively and accurate reconstruction, such as capsule, retinaculum, and ECU. A Kaplan-Meier's survival analysis was performed to calculate the survival curve of the implants; the end point chosen was the time of primary wrist replacement until revision. A revision was defined as an exchange of the whole or parts of the prosthesis or removal of the prosthesis.
Rehabilitative Protocol
After surgery, a bulky dressing was maintained for 2 weeks. After the removal of sutures and bulky dressing substitution with a custom-made plastic splint in a neutral position of the wrist with free fingers, all patients were allowed to temporarily remove the splint to perform active mobilization in flexionextension and ulnar and radial deviation and gentle stretching exercises, in absence of pain, and assisted by hand therapists. During the sessions, the therapist also performed a gentle passive mobilization preceded by pompage according to Bienfait and scar treatment.
16 All these treatments, followed by cryotherapy, were considered important at this stage to reduce the edema and to maintain the mobility of the fingers. Furthermore, patients had to wear a splint during the night for 4 weeks. After the first X-ray control, 1 month postsurgery, paraffin therapy, isometric contractions of the muscles of the fingers and wrist, and electrotherapy in cases of limited range of motion (ROM) have been prescribed to increase strength. Eight weeks after surgery, the splint was removed, allowing the patients to return within 12 weeks to their daily activities, avoiding weights over 3 kg permanently.
Clinical Evaluation
Symptoms reported by patients before surgery were pain (assessed by a visual analogue scale [VAS] score); reduced active ROM; impairment in daily activities; and deformity and swelling of the wrist. Postoperatively, QuickDASH and patient rate wrist/hand evaluation (PRWHE) scores were analyzed; VAS, ROM, and testing for standard grip strength evaluation compared with the contralateral side (Jamar Hydraulic Hand Dynamometer) were recorded, but these outcomes were limited by the complex underlying disease involving multiple joints. Whether the patient would repeat this type of surgery was also recorded, and in patients with a contralateral arthrodesis, which of the two was the preferred surgery.
Radiographic Assessment
Preoperative standard X-rays of the wrist were performed. In selected cases, 13 cases out of 23, in which there was doubt whether it would be possible to do a partial arthrodesis or a TWA, a computed tomography scan was also performed to evaluate the degree of bone loss of the radiocarpal and midcarpal joints.
At the time of final follow-up, all patients were assessed with standard X-rays to evaluate the intercarpal fusion and to detect any radial stress shielding, radiolucent lines, resorption around the stems, migration, and subsidence. X-rays were then performed at 3, 6, and 12 months, and each subsequent year.
Several patterns were described as follows:
1. No radiologic changes, stable clinical outcome (►Fig. 2) 2. Radiologic changes, stable clinical outcome: (1) radiologic changes (stress shielding, osteolysis, bony resorption, sclerosis, radiolucency) unmodified on subsequent X-rays with stable implant (►Fig. 3) and (2) progression of tilting, subsidence, and/or loosening. Implant migration or radiological loosening not related to symptoms but with probable worsening of the clinical setting in the future (►Fig. 4).
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3. Progression of implant tilting, subsidence, and/or loosening with recurrence of synovitis, ongoing RA disease, and symptoms, requiring revision surgery.
Results
The mean follow-up was 82.3 months (range: 24-148 months). In all patients, we observed a significant reduction in pain; the mean VAS score preoperative was 9 and postoperative decreased to 0.82. All patients reported that they would repeat the surgery. Grip strength and manual agility increased in all cases; mean grip strength improved and postoperatively was 11 kg (Jamar Hydraulic Hand Dynamometer). The mean total postoperative flexion-extension ROM of 72.3 degrees (from 38 to 110 degrees) and ROM of radialulnar deviation of 24.9 degrees (from 0 to 42 degrees) were noted (►Fig. 5).
Postoperative self-assessment showed a value of QuickDASH 49 and PRWHE 41.7 in activities of daily living (►Table 2). All patients returned to their manual tasks and work with satisfaction after 3 months. In two cases, with adequate splinting, they could also participate in selected sports (skiing, cycling).
We recorded several complications; one marginal skin necrosis of the wound in the perioperative period, healed by advanced wound care, in six cases (26%) was necessary revision surgery.
Radiological Evaluation
We recorded no radiographic changes over time in nine cases (Type A), and signs of remodeling in eight cases (Type B) due to stress shielding in the radial styloid (case 3), osteolysis around screws and the central stem (cases 15 and 23), and bony resorption around the radial baseplate (case 19) (►Fig. 6). Two cases, cases 13 and 15, showed a partial migration of the implant; three cases, cases 6, 10, and 11, showed signs of subsidence and loosening. Among these eight patients, five are Type B.1 (cases 3, 13, 15, 19, and 23) and three are B.2 (cases 6, 10, and 11). All of these cases were not yet revised and asymptomatic. Fig. 2 Type A radiological pattern: stable over the time. Fig. 1 The evolution pattern of the rheumatoid arthritis disease with progressive deviation of metacarpals altering the carpal-metacarpal (capitate-third metacarpal) joint's axis, it is representing a critical point for surgical procedure. Fig. 4 Type B.2: progressive radiological loosening not related to a symptomatic condition (painless, functional range of motion) but with probable worsening of the clinical setting in the future. Fig. 3 Type B.1: X-ray changes may be observed on sequential X-rays within the first 2 years after surgery; unmodified on the following radiological control at 7 and 9 years after surgery as implants settle in a stable position (case 13). Abbreviations: ROM, range of motion; VAS, visual analogue scale; PRWHE, patient rate wrist/hand evaluation. 
Revision-Failures (Aseptic Loosening)
Of the 23 implants, 6 (Type C) (26%) were revised. A second surgery was mandatory in case of swelling, pain, deformity, progressive reduction of ROM, and unstable joint with impairment of the function associated with radiographic loosening or with a malalignment of the implant. In all cases of secondary surgery, we also performed histological examination of the periprosthetic tissues to determine the presence of metal particles or any polyethylene debris. Two cases (4 and 6) were revised in the carpal component: one for improper fusion of the carpal bones and one for a massive reactivation of rheumatic disease no longer responsive to drugs (►Figs. 7 and 8). Total failure of the implant which required conversion surgery was performed in four cases (1, 7, 14 , and 20) out of six (17%) (►Fig. 9). Procedures and implant revisions are summarized in ►Table 3. The implant survival curve was estimated using the Kaplan-Meier's method; follow-up regarding implant survival was measured as the time of primary wrist replacement until revision surgery for any reason (survival criterion). Regarding U2 implants in RA patients of our cohort, they show a smooth and progressive curve over time with a steady failure rate. The U2 survivorship would be of 64% at 12 years (►Fig. 10). Fig. 7 Case 5 (L.R.G.) showed a periprosthetic osteolysis at the radial screw, an improper fusion of the carpal bones and clinically characterized by pain without reduction of the range of motion at 2 years after surgery. In this case, a revision has been performed a revision with replacement of the polyethylene implant and the distal anchoring screws, as well as a fusion between the bones of the carpus and between carpal-metacarpal joints; the prosthesis is implanted to date, and clinically silent. 
Discussion
We reviewed 23 TWA, who underwent to U2 total wrist replacement, in rheumatoid patients. In our series, at mean follow-up of 82.3 months (2-12 years), the survival rate was 74%, and six TWA were reoperated. The Kaplan-Meier's survival analysis estimated a survival of all implants at 12 years (64%). In our series of RA patients, the pathogenetic mechanisms that led to revision of the implant were mainly related to a progressive evolution of the disease, despite modern drugs, and failure of carpal bones arthrodesis that compromise the stability of the prosthesis and its regular function (normal wrist kinematics) with a secondary mechanical wear of polyethylene.
The parameters assessed in our last follow-up in 2016 are as follow: functional scores improved and were maintained over the mid-to long term; however, QUICK DASH and PRWHE scores were unreliable in rheumatoid patients compared with a posttraumatic subjects because the rheumatoid patient experiences disease involvement not only in the wrist but also in fingers and the proximal districts, such as elbow and shoulder, and daily activities are affected by the general condition of the patient. 19 The cooperation of the patient in the postoperative rehabilitation program directed by the hand therapist was a determinant for the quality of the final results.
The main potential advantage of TWA over total wrist fusion is the preservation of movement. In our series, 10 patients had contralateral arthrodesis, including 5 total wrist fusion and 5 radioscapholunate fusions, and all preferred the side with TWA as reported by several authors; recent studies of patients who have performed wrist arthrodesis show that they have difficulty performing everyday activities, such as writing, brushing hair, and sitting.
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In RA patients, the surgeon has to face several challenges due to muscle imbalance, reduction of bone stock, messy and subverted anatomy of the rheumatoid wrist, ligamentous laxity, potential worsening of disease, and a potential instability of the joint at risk for prostheses components misalignment. With the current generation of implants, such as U2, it is critical for the RA wrist balancing muscles to achieve stability and alignment of the prosthetic components. Muscle imbalance, included between 16 and 32% of RA population, is due to the inability of the patient to voluntarily hold the wrist in a neutral position (dorsiflexion 10-15 degrees, slight ulnar Fig. 9 Case 20 was characterized intraoperative by loss of joint congruity and leakage of the radial screw from two midcarpal. Fig. 8 Case 4 (G.M.F.) after 7 years from surgery, the patient developed a massive reactivation of rheumatic disease no longer responsive to drugs, which determined a progressive failure of the carpal component with proximal migration of the screws and broke the carpal stem accompanied by pain, swelling, and functional impairment; intraoperative an extended metallosis was found but the polyethylene was in good condition with no coarse signs of wear. The carpal component was replaced and now the prosthesis shows no mobilization and is clinically silent. deviation). [19] [20] [21] [22] [23] This imbalance may be evident both in flexion-extension and radioulnar deviation and can be exacerbated by the involvement in the process of tendons degeneration, made inefficient by fibrotic substitution processes or by their own failure. The most common related condition is a radial displacement of the rotation center that has led to development in the design of the prosthesis, but on the contrary requires adequate knowledge by surgeons of force vectors determinants in rheumatoid deformities where the stronger deformation element is the flexor carpi ulnaris tendon. Therefore, we cannot count solely on the intrinsic stability of the prosthesis, and it is always necessary to accurately handle soft tissues and fix the causes of imbalance. The success of the U2 implant in terms of fixation is well established, and once initial stability is achieved, this usually leads to long-term biological fixation.
Only short-to mid-term follow-up results for U2 wrist arthroplasty have been reported in a small series of patients. The authors noted a reduction of risk of dislocation in U2 compared with the previous model. There were limitations in the present study. It was a retrospective cohort study. We also had lack of preoperative data in a relatively small numbers of the cases that were included. Lack of homogeneity age at surgery and follow-up was also noted. Fig. 10 The Kaplan-Meier's survival analysis estimated a survival of implants at 12 years (64%). The characteristics of implants currently used allow us to no longer consider wrist replacement a salvage procedure, but rather a primary indication of reconstructive surgery for RA patients, with reliable results intended to last; U2 implants have definitely entered in our armamentarium. Careful patient selection is essential. Naturally, this surgery has some limitations, which are attributable to a small group of indications for pathology and degree of evolution of the disease, and the need for considerable technical pre-and intraoperative experience, as well as other limitations related to mechanical failures due to the technical characteristics of the implant.
